We report the presence ofa new subcompartment rat liver peroxisomal matrix in which only D-amino acid oxidase is localized and other matrix enzymes are absent. By electron miaoscopic observation, the rat liver peroxisome has generally been considered to consist ofa single limiting membrane, an electron-dense aystalline core, and a homogeneous matrix. Immunohistochemical staining for D-amino acid oxidare by the protein A-gold technique revealed the presence of a small area in the matrix that was im.munoreactive for the enzyme and was less electron-dense than the surrounding matrix.
The localization ofD-amino acid oxidase in this small area of the peroxisomal matrix was confirmed by immunoelectron microscopy on freeze-substituted tissues processed without chemical fixation.
To analyze the charac- The electron-lucent area was negative for all of these.
By double staining for D-amino acid oxidase and catalase, using colloidal gold partides of different sizes, these enzymes were shown to be located in separate areas in the matrix. cific for it (3, 4, 7, 8, 16, (32) (33) (34) (35) (36) thiolase, glycolate oxidase, and urate oxidase were purified from rat liver according to the procedure described previously (12) (13) (14) 23, 25, 35) .
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Two peroxisomal en. zymes, D-amino acid oxidase and L-a-hydroxy acid oxidase, were purified from rat kidney as described previously (34, 38) . Rabbits were immunized with each enzyme and specific antisera were obtained.
IgG fraction prepared by ammonium sulfate precipitation was used for the study. The immunoreactivity of each antibody was characterized by irnmunoblot analysis or the Ouchterlony double diffusion test, and the monospecificity for each of the following enzymes was confirmed:
catalase ( 
Processing ofTissues for Conventional Electron Miaoscopic
Immunohistochemistry.
Processing of tissues and immunostaining were done according to our previous reports (32, 33 Processing ofTissues by Rapid Freezing and Freeze-substitution.
Freeze substitution processing of the tissues was done according to the method we reported recently (31) . Fresh rat liver tissue blocks were rapidly frozen by metal contact freezing on the surface ofa gold-plated copper block cooled with liquid nitrogen (-196C), using an RF 2 freezing instrument (Eiko Engineering;
Mito,Japan). and were freeze-substituted with acetone without any chemical fixatives at -80'C in a deep freezer. After tissues were kept in acetone at -80C for 48 hr. the temperature was gradually raised to -20C and kept at -20C for 3 hr. The tissues were then transferred to Lowicryl K4M solution and polymerized at -20'C with a uv polymerizer. Ultra-thin sections (0.15-0.20 tm) were made on a Porter Blum MT2B ultramicrotome.
Protein A-Gold Immunostaining on Ultra-thin Sections.
Ultra-thin sections were stained with each antibody by the protein A-gold technique. Double staining by the protein A-gold technique was done according to the method ofBendayan (5). One side ofthe ultra-thin sections was stained with the antibody for D-amino acid oxidase antibody and 15-nm protein A-colloidal gold particles, and the other side of each section was stained with the antibody for catalase and 5-nm protein A-colloidal gold particles (EY Laboratories;
San Mateo, CA). For control staining, the ultra-thin sections were stained only with protein A-gold solution or with the IgG fraction ofnon-immune rabbit serum instead ofantibodies. After staining with uranyl acetate and lead citrate, they were observed in a Hitachi H-700 dcctron microscope at an accelerating voltage of 100 or 200 kV.
Quantitative
Analysis of Labeling Density.
To compare the labeling density over two areas of peroxisomal matrix, i.e., the electron-lucent and electron-dense areas, the number ofgold partides/pm2 of the peroxisomal area was calculated on specimens doubly stained for D-amino acid oxidase and catalase as in our ptevious publication (31) . One hundred peroxisomes in which the electron-lucent areas immunoreactive for D-amino acid oxi-dase were clearly visualized were selected and subjected to analysis. The number of gold particles and the surface areas of peroxisomes were measured on electron micrographs enlarged to x 100,000, using an image analyzing system, Model G/A series (Mutoh Kogyou Co; Tokyo, Japan).
Cerium Technique
for D-amino acid Oxidase The cerium technique was essentially based on the method of Angermuller and Fahimi (2) 
Results

Localization ofD-Amino Acid Oxidase in Peroxisomes
By staining with the antibody for D-amino acid oxidase, the gold particles were located only in the peroxisomes. Some heterogeneity was observed, in that some peroxisomes were positive and others were negative ( Figure  1 ). Gold particles were located in the peroxisomal matrix.
The localization in the matrix was not diffuse but was restricted to a small area of the matrix, about 0.05-0.15 sm in size ( Figure  2 ). The electron density of the area labeled with gold particles was lower than that without labeling. This area was located in the center of the matrix or near the electron-dense crystalloid core structure, but not adjacent to the peroxisomal membrane. Its shape was mostly spheroidal. The rat liver tissues prncessed without using any chemical fixatives were also stained for D-amino acid oxidase.
In this kind of specimen also, the gold particles were located only in a small area within the peroxisomal matrix ( Figure  3 ). Difference in electron density of these two areas, the area immunoreactive for D-amino acid oxidase and the area negative for it, was not evident in this specimen. By the cerium technique, the electron-dense reaction product for D-amino acid oxidase was localized over peroxisomes. A small area ofperoxisomal matrix was more strongly stained ( Figure 4) . To compare the area in the matrix that was immunoreactive for D-amino acid oxidase with the electrondense crystalline core, specimens were stained with the antibody for urate oxidase.
The electron-dense core was reactive for urate oxidase, but the electron-lucent area, which was shown to be immunoreactive for D-amino acid oxidase, was negative for it ( Figure   5 ). This kind of D-amino acid oxidase-positive area was observed in both periportal and pericentral areas. 6 ).
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-., . Figure  9 ), were all localized in the matrix, in which they were preferentially located in the electron-dense area. Other matrix enzymes, L-a-hydroxy acid oxidase ( Figure  10) and glycolate oxidase ( Figure  11 ), were also localized preferentially over the electron-dense matrix. This kind ofheterogeneity of staining .,
.
-. particles (5 nm) for catalase and D-amino acid oxidase (15 nm), the gold particles indicating the localization of D-amino acid oxidaze in the peroxisomal matrix were located mostly over the electronlucent area, but the 5-nm particles for catalase were located over the electron-dense area in the matrix ( Figure  12) . A comparison of the labeling density for these two enzymes over the two areas is summarized in Table 1 . These data for labeling density suggested a separate labeling of the two matrix areas, one for D-amino acid oxidase and the other for catalase.
Discussion
Localization of D-amino acid oxidase in the peroxisomes of rat hepatocytes has been detected using immunohistochemical or enzyme histochemical methods (2,10,26). Our present results also showed the localization of D-amino acid oxidase in hepatic peroxisomes ( Figure  1 ). Moreover, we were able to localize D-amino acid oxidase over a small area in the peroxisomal matrix whose electron density was lower than the surrounding area, as shown in Figure  2 . The heterogeneity ofperoxisome staining, as shown in Figure  1, 
